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Abstract 
Objective: Mini-implant stability is primarily related to bone quality and quantity. This study evaluated alveolar 
cortical bone thickness and density differences between interradicular sites at different levels from the alveolar 
crest, and assessed the differences between adolescents (12-18 years of age) and adults (19-50 years of age), males 
and females, upper and lower arch, anterior and posterior region of  jaws and buccal and oral side.
Study Design: In this retrospective study, 48 Computed Tomography scans, performed for oral surgery purposes 
were selected from dental records of 3,223 Caucasian orthodontic patients.
The SimPlant software (Materialise, Leuven, Belgium) was used to measure cortical bone thickness and density 
at 13 interradicular sites and four bone levels ( 2,4,6 and 8 mm ). For the statistical analysis descriptive statistics, 
Student’s t-test and Pearson correlation coefficient were used.
Results: Statistically significant differences in alveolar cortical bone thickness and density between age, gender, si-
tes and sides were found (P<0.05). The Pearson correlation coefficient demonstrated a significant linear increasing 
of thickness and density from crest to base of alveolar crest (P≤0.05).
Conclusion. Adults show a thicker alveolar cortical bone than adolescents. Alveolar cortical bone thickness and 
density were greater  in males than in females, in mandible than in maxilla, in the posterior region than  the anterior, 
in oral than buccal side. There is an increase of thickness and density from crest to base of alveolar crest.
Key words: Orthodontics, cortical bone thickness, cortical bone density, mini-implant, computed tomography, tem-
porary anchorage devices.
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Introduction
Strategies for anchorage control have been a major factor 
in achieving successful orthodontic treatment. In recent 
years, mini-screws implants, also called Temporary An-
chorage Devices (TAD), are increasingly being used to 
provide intraoral orthodontic anchorage. Several studies 
found that the stability of TAD is affected by age, sex, 
craniofacial skeletal pattern, site and side of implanta-
tion, latent period, loading protocol, dimension and an-
gulation of TAD, insertion torque, degree of TAD-bone 
contact, quality and quantity of the cortical bone, degree 
of inflammation of the peri-TAD-tissue, thickness and 
mobility of the soft tissue, and root proximity (1-6). For 
these reasons, research has been conducted on the stabi-
lity of mini-implants used for orthodontic purposes. 
Recent studies have evaluated the cortical bone thick-
ness for mini-implant placement in patients (7-10) and 
skulls (11-14) using computerized tomography (CT). 
Concerning the alveolar cortical bone density few stu-
dies exist in literature (15-18).
Knowledge of the buccal and oral cortical bone thick-
ness and density in various areas should guide clinicians 
in selecting the placement site and the proper placement 
and loading protocols. The purpose of this study was to 
examine the alveolar cortical bone thickness and density 
for TAD placement and to evaluate the differences bet-
ween age, sex, site and side of implantation using CT. 
The hypotheses were that there are no differences in al-
veolar cortical bone thickness and density between, ma-
les and females, adolescents and adults, upper and lower 
arch, anterior and posterior area of the jaws, between 
buccal and oral side and from crest to base of alveolar 
crest.
Fig. 1. The computer program employed in the present study (SimPlant® - Materialise-Leuven-Bel-
gium) allows visualization of inter-radicular spaces in a multitude of 2-D and 3-D points of view. The 
cross-sectional (A), axial,(B), panoramic (C) and 3-D (D) images are visible at the same time on a 
computer monitor. Lower image: The cross-section image from SimPlant used to measure the cortical 
bone thickness at 2, 4, 6 and 8 mm from the alveolar crest.
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value was measured when cortical bone thickness was 
≥ 1 mm.
The reproducibility of method was assessed by re-exa-
mining the records of 10 patients 2 weeks after the first 
examination by a single operator. Reproducibility was 
98% for thickness measurements and 97% for density 
measurements.
Statistical analysis was conducted at site level. For the 
statistical analysis, data were evaluated using  SPSS soft-
ware (Statistical Package for Social Science, IBM Cor-
poration, NY-USA). Quantitative data of each group was 
described, with mean and minimum-maximum values. 
Alveolar cortical bone thickness values were illustrated 
using box plots showing median, quartile, and extreme 
values. Considering the thickness and density values, 
the T-test was used to determine the influence of age, 
gender, site and side. The significance was set at P≤0.05. 
The Pearson correlation coefficient was used to evaluate 
thickness and density increasing from crest to base of 
alveolar crest. Again, the threshold for significance was 
set at P≤0.05.
The local ethical committee was informed about the stu-
dy protocol. We have read the Helsinki Declaration and 
followed the guidelines in the present investigation.
Results
The average and minimum-maximum values of the cor-
tical bone buccal thickness and of the cortical bone oral 
thickness, at different levels from the alveolar crest, are 
shown in Table 1 and Table 2. In Table 3 and Table 4 
are shown the average and minimum-maximum values 
of cortical bone buccal density and of cortical bone oral 
density. All Tables (Table 1,2,3,4) showed a gradual in-
crease of mean values and the Pearson correlation co-
efficient demonstrated that there was a significant linear 
increasing of thickness and density from crest to base of 
alveolar crest (P≤0.05). 
The thickness data, evaluating each site and level of 
measurement, were also illustrated using box plots (Fig. 
2,3).
In males higher values of thickness and density than fe-
males were found, at different levels (2 mm, 4 mm, 6 
mm, 8 mm) from the alveolar crest, with a statistically 
significant difference (P≤0.05).
In adults, the thickness of both jaws was greater than in 
adolescents with a statistically significant difference at 
4, 6, 8 mm from the alveolar crest (P≤0.05). The density 
values did not show any difference according to the age 
of patients; only at 8 mm cortical oral bone level, the 
adolescents recorded higher density values with a statis-
tically significant difference (P≤0.05).
The lower jaw was found both thicker and higher in 
density than the upper jaw with a statistically significant 
difference (P≤0.05).
Regarding the anterior and the posterior regions of the 
Material and Methods
In this retrospective study, 48 Computed Tomography 
scans, performed for oral surgery purposes, were selec-
ted from dental records of 3,223 Caucasian orthodontic 
patients.
The study sample was divided into groups based on age 
(adolescent:12-18 years; adults:19-50 years), gender 
(males and females), site (upper and lower arch; anterior 
or incisive-canine region and posterior or premolar-mo-
lar region) and side (buccal and oral or palatal/lingual).
The scans were selected according to the following in-
clusion criteria:
All erupted permanent teeth in the quadrant mea-• 
sured.
Absence of periapical or periradicular pathologies • 
or radiolucencies of either periodontal or endodon-
tic origin.
No significant medical or dental history (e.g. use of • 
bisphosphonates or bone-altering medications).
No severe facial or dental asymmetries.• 
Absence of vertical or horizontal periodontal bone • 
loss.
The data were obtained with a spiral multisliced Asteion 
Multi CT system (Toshiba Medical Systems). The CT 
parameters used were 0° gantry tilt, high resolution bone 
Kernel, 0,5 mm nominal slice thickness, 0,5 mm inter-
val and 0,5 mm pitch. In this study, data processing and 
all measurements were performed by SimPlant software 
(Materialise, Leuven, Belgium), a program that allows 
a 3D reconstruction and images of anatomical structu-
res along planes and curves from data acquired with CT. 
With this program CT images are imported; then a 3D 
reconstruction was created from the 2D CT images, and 
the panoramic curve was obtained. The following four 
view windows were selected: 2D cross sectional slices; 
2D axial slices; 2D panoramic slices and 3D image (Fig. 
1).
The cortical bone thickness and density were measured 
at 2, 4, 6 and 8 mm intervals apical to the alveolar crest 
at thirteen interradicular sites form the right 2nd molar 
to the left 2nd molar in both maxilla and mandible.
Before measuring the alveolar cortical bone thickness, 
each site was oriented in all view windows. The panora-
mic and axial views were used to locate the interradicu-
lar area of interest. The cross-section image (perpendi-
cular to the panoramic curve), simultaneously visible in 
the computer monitor interactive window, was used to 
perform four measurements at 2, 4, 6 and 8 mm from the 
alveolar crest (Fig. 1). 
The software was used also to measure bone density 
at the same levels (2, 4, 6 and 8 mm from the alveolar 
crest). An area of 1 mm2 was used to calculate the den-
sity of alveolar cortical bone. Bone density was mea-
sured using Hounsfield units (HU), which are directly 
associated with tissue attenuation coefficients. Density 
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Fig. 2. Box-plots show median, quartile, and extreme values of bone thickness ( in millimeters ). Boxes include 
50% of values; the horizontal lines inside the box indicate the medians, and the vertical lines extend to 1.5 of the 
inter-quartile range. Circles depict outliers.
Fig. 3. Box-plots show median, quartile, and extreme values of bone thickness ( in millimeters ). Boxes include 
50% of values; the horizontal lines inside the box indicate the medians, and the vertical lines extend to 1.5 of the 
inter-quartile range. Circles depict outliers.
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BT2mm BT4mm BT6mm BT8mm
Max Mean Min Max Mean Min Max Mean Min Max Mean Min
12-18 Males Maxilla 2.65 1.38 .70 2.33 1.35 .82 2.28 1.36 .89 2.74 1.37 .67
Mandible 3.47 1.51 .81 3.15 1.61 .77 3.78 1.66 .80 3.25 1.78 .76
Females Maxilla 2.20 1.23 .60 2.46 1.22 .05 2.13 1.23 .39 3.23 1.24 .47
Mandible 2.77 1.67 1.03 3.09 1.69 .90 3.22 1.75 .99 3.08 1.70 .83
19-50 Males Maxilla 2.37 1.48 .45 2.32 1.52 .85 2.32 1.65 .82 3.39 1.72 1.00
Mandible 2.46 1.43 .10 3.31 1.65 .90 3.72 1.67 .63 3.46 1.72 .64
Females Maxilla 1.97 1.28 .81 2.02 1.25 .86 2.02 1.27 .66 2.66 1.27 .43
Mandible 3.58 1.47 .71 3.10 1.41 .73 2.94 1.49 .77 2.47 1.47 .90
Legend: BT buccal thickness.
Table 1. The mean, minimum-maximum of buccal cortical bone thickness values (mm) at different levels (2, 4, 6, 8 mm) from the alveolar crest.
OT2mm OT4mm OT6mm OT8mm
Max Mean Min Max Mean Min Max Mean Min Max Mean Min
12-18 Males Maxilla 2.33 1.41 .74 2.73 1.45 .71 2.34 1.44 64 2.74 1.45 .80
Mandible 2.97 1.49 .71 3.80 1.63 .80 3.14 1.73 .81 3.25 1.72 .83
Females Maxilla 2.11 1.19 .69 2.46 1.23 .71 2.96   1.30 .70 3.23 1.27 .66
Mandible 2.32 1.62 1.01 3.09 1.71 1.90 2.39 1.83 1.24 3.08 1.78 1.09
19-50 Males Maxilla 2.31 1.50 .54 2.32 1.65 .86 2.59 1.73 .84 3.39 1.72 .80
Mandible 2.76   1.56 .93 3.31 1.79 1.03 2.79   1.79 .84 3.46 1.99 1.04
Females Maxilla 1.98   1.30 .68 2.02 1.35 .85 2.06 1.31 .74 2.66 1.32 .09
Mandible 2.52 1.42 .89 3.10 1.57 .76 2.83 1.65 .11 2.47 1.62 .83
Legend: OT oral thickness.
Table 2. The mean, minimum-maximum of oral cortical bone thickness values (mm) at different levels (2, 4, 6, 8 mm) from the alveolar crest.
BD2mm BD4mm BD6mm BD8mm
Max Mean Min Max Mean Min Max Mean Min Max Mean Min
12-18 Males Maxilla 1578 941 426 1926 1049 477 1537 1086 463 1590 1117 347
Mandible 1862 1246 143 1858 1311 431 1807 1373 194 1845 1422 694
Females Maxilla 1819 910 111 1443 963 256 1466  1001 177 1751 1107 501
Mandible 1508 1212 789 1621 1283 716 1706 1355 840 1697 1403 947
19-50 Males Maxilla 1414 1058 668 1760 1242 792 1671 1262 747 1658 1327 908
Mandible 1893  1132 466 1796 1247 302 1756  1239 85 1771 1281 225
Females Maxilla 1709   969 340 1687 1025 403 1725 1048 264 1744 1096 131
Mandible 1815 1053 156 1808 1086 379 1860 1140 478 1849 1189 608
.Legend: BD buccal density.
Table 3. The mean, minimum-maximum of buccal cortical bone density values (HU) at different levels (2, 4, 6, 8 mm) from the alveolar crest.
OD2mm OD4mm OD6mm OD8mm
Max Mean Min Max Mean Min Max Mean Min Max Mean Min
12-18 Males Maxilla 1444 927 381 1556 1102  724 1600 1119  123 1641 1102 176
Mandible 1733 1341 585 1821 1421  131 1818 1454  584 1850 1461 651
Females Maxilla 1640  921 109 1699 1031  254 2081 1091  118 1756 1065 123
Mandible 1544 1320 909 1536 1390 1095 1611 1412 1073 1675 1411 109
19-50 Males Maxilla 1555 1169 509 1567 1242  694 1575 1217  658 1504 1178 822
Mandible 1619  1175 293 1715 1255  360 1756 1282  109 1072  777 394
Females Maxilla 1720   941  75 1680 1013  365 1769 1034  311 1694 1043 414
Mandible 1811 1168 452 1823 1242  126 1792 1237  367 1787 1310 444
Legend: OD oral density.
Table 4. The mean, minimum-maximum of oral cortical bone density values (HU) at different levels (2, 4, 6, 8 mm) from the alveolar crest.
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jaws, thickness values were higher in posterior region 
than in anterior with a statistically significant difference 
at 2, 4, 6 and 8 mm form the alveolar crest in the buccal 
cortical bone side (P≤0.05). Concerning density values 
the results were ambiguous with statistically significant 
higher density values, in the posterior region, only in the 
buccal cortical bone side at 4 and 6 mm from the alveo-
lar crest (P≤0.05).
The paired comparison between buccal and oral side 
showed a thicker cortical bone in the oral side of both 
jaws with a statistically significant difference at 4 and 6 
mm from the alveolar crest (P≤0.05).
The density of mandibular lingual cortical bone was 
found significantly higher at 2, 4, 6 and 8 mm whereas 
in maxillary palatal cortical bone the density was found 
higher at 4, 6 and 8 mm (P≤0.05).
The results of this study showed that there are differen-
ces in alveolar cortical bone thickness and density bet-
ween, males and females, adolescents and adults, upper 
and lower arch, anterior and posterior area of the jaws, 
between buccal and oral side and from crest to base of 
alveolar crest.
Discussion
Several studies have proposed a variety of methods for 
assessing bone density, but in recent years, the use of a 
CT scan has been common for preoperative quantitati-
ve and qualitative assessment of implant sites, and the 
Hounsfield Unit (HU) is routinely used to determine the 
bone density objectively (19,20).
Even more recently, due to the need for less expensive 
image acquisition protocols or for scanners with lower 
radiation dose, cone beam CT (CBCT) has been widely 
employed for oral and maxillofacial imaging, as it seems 
to provide good spatial resolution, gray density range, 
and contrast, as well as a good pixel/noise ratio (20).
With CBCT, the dimensional accuracy is also compara-
ble with CT, but unlike CT, the gray density values of 
the CBCT images (voxel value [VV]) are not absolute. 
In fact, CT could be calibrated using as a reference the 
density values of the air (-1,000 HU) and pure water (0 
HU); otherwise, CBCT cannot be calibrated, and the va-
lues, which are based on the difference of gray scale, are 
already preset by the manufacturer (21) .
In a recent study (20) the possibility of correlating the 
gray density values recorded by CT and CBCT was de-
monstrated; in fact, a correlation between VV of CBCT 
and HU values of multislice CT was observed. More 
specifically the conversion ratio between the two gray 
values was determined and defined equal to 0.7; thus, to 
convert the CBCT gray values into CT, it is necessary to 
multiply CBCT values by 0.7.
This conversion ratio, moreover, is approximate and 
may vary based on the CBCT used.
On the basis of these results, in the present study only 
CT scans were evaluated.
In this study a statistically significant difference between 
males and females in alveolar cortical bone thickness and 
density in both jaws was found. The cortical bone thick-
ness and density were greater in males than in females. 
These results disagree with other authors who found no 
sex differences (7, 10, 15-17). Ono et al. (7) asserted 
that there is not a significant sex difference regarding the 
alveolar cortical bone thickness at 4 mm from the alveo-
lar crest but they found that cortical bone was thicker in 
males than females at vertical levels 1 to 2 mm and 5 to 
9 mm apical to alveolar crest in the maxilla. Concerning 
the alveolar cortical bone density Chun and Lim (16) 
found no relationships with sex but this may be related 
to subject age (range 25-35 years). It has been reported 
that bone densities in Korean females peak around 35 
years of age, slowly decrease until 50 years old and then 
rapidly decrease after 50 years of age. Up to 35 years of 
age, there are no differences in bone densities between 
Korean male and female.
As stated by other authors (22,23) the sex difference in 
cortical bone thickness and density, recorded in the cu-
rrent study, might be expected because males have larger 
bite forces and masticatory muscles than females.
In the current study, the alveolar cortical bone thickness 
of both jaws was greater in adults with a statistically 
significant difference at 4, 6, 8 mm from the alveolar 
crest. Farnsworth et al. (10) in their study found no age-
related change distal to mandibular first molar but they 
found a statistically significant age-related difference in 
the maxillary buccal region similar results were found 
by Fayed et al. (9). Ono et al. (7) showed that cortical 
thickness mesial to the mandibular first molar and 3 to 
8 mm apical to the alveolar crest was significantly thic-
ker in adults than adolescents. Considering the results 
of the present study, the age does not seem to affect the 
density values, but comparable data are not available in 
the literature.
Although well-controlled studies have not been perfor-
med, it appears that TAD placed in younger or adoles-
cent patients tend to fail more often than those placed 
in adults (4,8). Difference in cortical thickness between 
younger and older patients might be explained by allo-
metry such as proportionate increases in overall body 
size and the size of the body parts (10).
In the present study it was found that the alveolar corti-
cal bone thickness and density are greater in the mandi-
ble than in the maxilla. Same results were found by other 
authors that report a thicker and  higher alveolar cortical 
bone density in the lower jaw than in the upper (2, 7, 10, 
12, 15-17). Baumgaertel and Hans (12) observe a thicker 
buccal cortical bone in mandible. 
Choi et al. (15) comparing bone density between the 
maxilla and mandible showed that the mandible had hig-
her values and these differences were more significant in 
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the posterior area of jaws.
Another interesting finding it was that alveolar cortical 
bone is thinnest in the anterior regions of both jaws and 
increases progressively toward the posterior. These re-
sults agree with those found by Baumgartel and Hans 
(12) who found a buccal cortical bone thinnest in the 
anterior sextants of  both jaws and a progressive increase 
toward the posterior region, except distal to the maxi-
llary second molars, where the buccal cortex average 
was thin. Farnsworth et al. (10) showed a cortical bone 
thickness decrease from posterior to anterior region. In 
our study, bone density showed the same increase from 
the anterior to the posterior except for the oral side, 
which had higher values in density in anterior area. Hig-
her bone density values from the anterior to the poste-
rior areas were found in other studies (16,17). Our study 
suggests that the posterior area may contain denser and 
thicker cortical bone. This pattern might be explained by 
the higher functional demands placed on the posterior 
teeth (24, 25). 
Concerning the buccal and oral side we found a thicker 
alveolar cortical bone and higher density in the oral side 
of both jaws. According to Farnsworth et al. (10) the 
mandibular buccal cortical bone is significantly thicker 
than the cortical bone in maxillary buccal, maxillary pa-
latal and lingual regions. Sawada et al. (14) evaluating 
cortical bone thickness of the upper jaw found that the 
buccal cortical bone was thinner than the palatal cortical 
bone. Choi et al. (15) comparing bone density between 
the buccal and lingual sides in the mandible showed that 
the lingual side had higher values in the anterior area and 
vice versa in the posterior area. On the other hand, they 
did not find differences between the buccal and palatal 
sides in the maxilla.
In the current study gradual increase in the alveolar cor-
tical bone thickness at different distances from the al-
veolar crest was found. These results agree with those 
found by Deguchi et al. (2) and Ono et al. (7) who ob-
served that the cortical bone thickness tends to be thic-
ker at greater heights and thinner at shallow levels. Also 
Sawada et al. (14) reported a tendency for the superior 
part of  the alveolar process to be thicker than the infe-
rior part. Park et al. (17) found, for the mandible, that all 
density values of the cortical basal bone were statistica-
lly  higher than those of the alveolar bone. Our results 
indicate that bone thickness and density vary with the 
distance from the alveolar crest in the interradicular si-
tes. According to Chun and Lim (16) mini-implants for 
orthodontic anchorage may be successfully placed in 
areas with equivalent bone density up to 6 mm apical to 
the alveolar crest.
Implant placement in the anterior regions of both jaws 
should be avoided for several reasons: in this area there 
is little cortical bone for anchorage of implants and little 
attached gingiva and there is often lack of sufficient in-
terradicular distances (5).
Several factors affect the success rates of mini-implants: 
anatomic factors, oral hygiene technique used, design of 
the mini-implant and force used (1). Among these fac-
tors, the anatomy of site, especially the thickness and 
density of the cortical bone, seems to have a direct effect 
on success rate (4, 15,17).
Alveolar cortical bone thickness and density appear to 
play an important role when planning a mini-implant 
placement.  It is not indicated to perform a CT scan for 
mini-implants insertion. The present study evaluated the 
influence of different variables on alveolar cortical bone 
thickness and density providing the clinicians with use-
ful data to reach a better primary mini-implant stability.
In conclusion: 
Males are characterized by a thicker and higher den-• 
sity alveolar cortical bone than females; 
Adults show a thicker alveolar cortical bone than • 
adolescents;
In the mandible the alveolar cortical bone is more • 
compact and thicker than in the maxilla;
High values of thickness and density characterize • 
posterior regions of both jaws;
The alveolar oral cortical bone is thicker than the • 
buccal; 
There is a significant linear increasing of thickness • 
and density from crest to base of alveolar crest.
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